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,.. i t ~ o ~ , ~  of hlotion f o r  I l l i a c  Computat ion.  Mark V FFAG. LA, 
A form proposed  f o r  t h e  magne t i c  f i e l d  i n  t h e  median p l a n e  
of t h e  Mark V FFAG a c c e l e r a t o r  i s  ( ~ a s l e t t ,  MURA n o t e s ,  14 March 
(We a d o p t  t h e  n o t a t i o n  r = ro ( l + x ) ,  z = r y ,  and employ u n i t s  i n  0 
which pc/e = ro = Ho = 1). A l s o ,  i t  h a s  been  s u g g e s t e d  by K e r s t  
t h a t  t h e  a d d i t i o n  of  harmonic t e r m s  t o  t h e  b a s i c  e x p r e s s i o n  ( I ) ,  
may have t h e  e f f e c t  of i n c r e a s i n g  t h e  l a r g e s t  a m p l i t u d e  of  
s t a b l e  mot ion .  The q u a n t i t y  - 1/9 s i n  3 9 i n  e q u a t i o n  (2 )  r e p -  
r e s e n t s  t h e  t h i r d  harmonic i n  t h e  F o u r i e r  development  of  a  "saw- 
t o o t h u  wave form. 
It i s  proposed  t h a t  a  program f o r  computa t ion  of o r b i t s  be 
based  upon t h e  f o l l o w i n g  s e r i e s  deve lopment s  of  t h e  f i e l d  v e c t o r s :  
The magne t i c  f i e l d  which h a s ,  i n  t h e  median p l a n e ,  t h e  form 
i s  g i v e n  by 
where 
The components of the field have the expansions 
The coefficients are given by the recurrence formulas 
4, = [mZ(&*+.c , -  (4- 3'ybi - 2m r (~-2; , )+  
The azimuth-independent field ( m  = 0) is described in a 
similar way by 4 
The s e r i e s  a r e  convergent  and r e p r e s e n t  t h e  f i e l d  provided 
j Y / ( l  + x)l  L 1 . i n  t r u n c a t i n g  t h e  s e r i e s  f o r  numerical  
A 
computation i t  i s  neces sa ry ,  i n  o rde r  t h a t  t h e  approximate H 
s o  ob ta ined  be s t r i c t l y  d e r i v a b l e  from a  vec to r  p o t e n t i a l ,  t h a t  
t h e  h i g h e s t  o rder  terms r e t a i n e d  be t hose  e x p l i c i t l y  w r i t t e n  i n  
eqs .  ( 6 ) ,  i n  which i has  t h e  - same va lue  i n  each equa t ion .  
The p r a c t i c a l  convergence of t h e  s e r i e s  ( 6 )  has  been examined 
i n  t h e  case  t h a t  t h e  f i e l d  i n  t h e  median p lane  i s  
For y / ( l  + x)= .l ,  i t  i s  e s t ima ted  t h a t  f i v e - f i g u r e  accuracy i n  
i s  ob ta ined  i f  terms up t o  i = 8 a r e  r e t a i n e d .  T h i s  s e t  of 
parameters  r e p r e s e n t s  a  r a t h e r  unfavorab le  ca se  from t h e  p o i n t  
of view of convergence,  and a l s o  t h e  value .1 f o r  ampl i tude/radius  
i s  r a t h e r  l a r g e r  t han  i s  l i k e l y  t o  occur i n  p r a c t i c e .  On t h i s  
b a s i s  it seems r ea sonab le  t o  hope t h a t  a c c u r a t e  c a l c u l a t i o n  w i t h  
I l l i a c  w i l l  be f e a s a b l e .  (J.  N. Snyder ,  p r i v a t e  communication.) 
The equa t ions  of motion i n  Lagrangian form, v i z  
a r e  much s i m p l e r  a l g e b r a i c a l l y  t h a n  t h e  c o r r e s p o n d i n g  c a n o n i c a l  
e q u a t i o n s ,  and a r e  recommended f o r  d i g i t a l  computa t ion .  The 
v a r i a b l e s  a r e  n o t  c o n j u g a t e ,  b u t  t h e r e  seems t o  be no  p r a c t i c a l  
advan tage  i n  hav ing  them s o ,  p a r t i c u l a r l y  i n  t h e  c a s e  of a  two- 
d i m e n s i o n a l  sys tem.  I t  may be ment ioned  a l s o  t h a t  s t u d y  of  
m o d i f i c a t i o n s  of t h e  f i e l d  i n  t h e  a z i m u t h a l  d i r e c t i o n ,  ( e . g .  
s t r a i g h t  s e c t i o n s ) ,  i s  f a c i l i t a t e d  because  t h e  l l v e l o c i t y w  components 
( x ' , y t )  a r e  immedia te ly  a v a i l a b l e ,  w i t h o u t  c o m p l i c a t e d  a l g e b r a i c  
t r a n s f o r m a t i o n s .  
The e x p a n s i n n  ( 4 )  f o r v m a y  be used  t o  c o n s t r u c t  a  program 
f o r  computa t ion  of e q u i p o t e n t i a l  s u r f a c e s  by n u m e r i c a l l y  s o l v i n g  
t h e  a l g e b r a i c  e q u a t i o n  i n  y  which r e s u l t s  f rom t r u n c a t i n g  t h e  
s e r i e s .  The problem of  p r a c t i c a l  convergence  i s  o b v i o u s l y  most  
c r i t i c a l  i n  t h i s  c a s e ,  b u t  p r e l i m i n a r y  e s t i m a t e s  have been 
encourag ing .  
I n  c o n s t r u c t i n g  t h e  above f o r m u l a t i o n  of  t h e  problem, t h e  
w r i t e r  h a s  been  gu ided  by t h e  r e p o r t s  o f  L a s l e t t ,  Vog t -Ni l sen ,  and 
Akeley.  
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